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daughter wavelet Ψa, b
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dt 
7KHGDXJKWHUZDYHOHWΨa,b∗ (t)LVDVFDOHGDQGVKLIWHGYHUVLRQRIWKH
PRWKHU ZDYHOHWΨa,b∗ (t) 6FDOLQJ LV LPSOHPHQWHG E\ ZKLFK LV WKH
ELQDU\ GLODWLRQ DOVR NQRZQ DV VFDOLQJ IDFWRU DQG VKLIWHG E\ E
ZKLFKLVWKHELQDU\SRVLWLRQDOVRNQRZQDVVKLIWLQJRUWUDQVODWLRQ
)LQDOO\ 6WDJH % ZLOO SURGXFH WZR RXWSXWV tSup DQG tSdn ZKLFK
FRUUHVSRQG WR WKH WLPH LQGH[ RI WKH LQLWLDO WUDYHOOLQJ ZDYH DW WKH
IDXOWHGVHJPHQWWHUPLQDOV
,Q6WDJH&RI WKHSURSRVHGDOJRULWKP WKHDFWXDO IDXOW ORFDWLRQ
') RI WKH IDXOWHG VHJPHQW LV FDOFXODWHG E\ DGRSWLQJ WKH
FRQYHQWLRQDOWZRHQGHGIDXOWORFDWLRQDSSURDFKJLYHQDV
DF =
Lseg − Δt(Sup − Sdn) ⋅ vprop
2

ZKHUH Δt(Sup − Sdn) LV WKH WLPH GLIIHUHQFH RI WKH LQLWLDO WUDYHOOLQJ
ZDYHVDWVHQVLQJORFDWLRQV6XSDQG6GQDQGYSURSLVWKHSURSDJDWLRQ
YHORFLW\RIWKHIDXOWHGVHJPHQWWKHSURSDJDWLRQYHORFLW\KDVEHHQ
FDOFXODWHGDFFRUGLQJWRWKHFRQGXFWRUJHRPHWU\
6LPXODWLRQUHVXOWV
,QRUGHUWRYDOLGDWHWKHSHUIRUPDQFHRIWKHSURSRVHGVFKHPHSROH
WRSROH DQG SROHWRJURXQG IDXOWV KDYH EHHQ DSSOLHG RQ IHHGHUV 
DQG  VHH )LJ  DW YDULRXV GLVWDQFHV DW DOO VHJPHQWV 6LQFH WKH
DFFXUDF\RIWUDYHOOLQJZDYHEDVHGWHFKQLTXHVGHSHQGRQVDPSOLQJ
IUHTXHQF\IRUWKHVWXGLHVSUHVHQWHGLQWKLVSDSHUDVDPSOLQJUDWHRI
(팀k+] KDV EHHQ DVVXPHG 7KLV IUHTXHQF\ FRUUHVSRQGV WR WKH
UHVRQDQWIUHTXHQF\RIRSWLFDOVHQVRUVDQGWKHVLJQDODFTXLVLWLRQDW
WKLV UDWH FDQ EH SUDFWLFDOO\ DFKLHYHG E\ HPSOR\LQJ DUUD\HG
ZDYHJXLGHJUDWLQJ LQWHUURJDWRUV >@7KHYDOXHVRI IDXOW ORFDWLRQ
HVWLPDWLRQHUURUKDYHEHHQUHSRUWHGDV
error, % =
DF − ADF
Lf − seg
⋅ 100% 
ZKHUH ') LV WKH FDOFXODWHG IDXOW GLVWDQFH $') LV WKH DFWXDO IDXOW
GLVWDQFHDQG/IVHJWKHWRWDOOHQJWKRIWKHIDXOWHGVHJPHQW
7KHUHVXOWVDUHSUHVHQWHGLQ7DEOHVDQGIRUSROHWRSROHDQG
SROHWRJURXQG IDXOWV UHVSHFWLYHO\ 7KH DYHUDJH PLQLPXP DQG
PD[LPXP HUURUV REVHUYHG IRU SROHWRSROH IDXOWV FRUUHVSRQG WR
DQGUHVSHFWLYHO\)RUSROHWRJURXQG
IDXOWVWKHVHHUURUVFRUUHVSRQGWRDQG
UHVSHFWLYHO\,WFDQEHDOVRVHHQWKDWWKHIDXOWHGVHJPHQWKDVEHHQ
LGHQWLILHG FRUUHFWO\ LQ  RI WKH FDVHV IRU ERWK W\SHV RI IDXOWV
VHHµ5HSRUWHGVHQVRUV¶FROXPQLQ7DEOHVDQG
7KH LPSDFWRIQRLVH LQPHDVXUHPHQWVPRWKHUZDYHOHWVFDOLQJ
IDFWRU DQG QHWZRUN FRPSRQHQWV RQ WKH DFFXUDF\ RI WKH SURSRVHG
IDXOWORFDWLRQVFKHPHDUHH[KDXVWLYHO\DQDO\VHGDQGUHSRUWHGLQ>@
௑+DUGZDUH YDOLGDWLRQ RI RSWLFDO VHQVLQJ
WHFKQRORJ\
([SHULPHQWDOVHWXS
,Q RUGHU WR SURYH WKH SULQFLSOH RI WKH QHZ SURWHFWLRQ DQG IDXOW
ORFDWLRQ VFKHPH DQ H[SHULPHQWDO VHWXS KDV EHHQ DUUDQJHG DV
VKRZQ LQ )LJ  WKH DFWXDO ODERUDWRU\ H[SHULPHQW LV VKRZQ LQ
)LJ  )RU WKH UHDOLVDWLRQ RI VXFK DQ H[SHULPHQWDO VHWXS WKH
IROORZLQJNH\FRPSRQHQWVZHUHUHTXLUHG
 )RXUILEUH%UDJJJUDWLQJRSWLFDOVHQVRUV
 )RXUWUDQVLHQWYROWDJHVXSSUHVVLRQGLRGHV
 2SWLFDOILEUH
 6PDUW6FDQLQWHUURJDWRU
 3;,HFRQWUROOHU1DWLRQDO,QVWUXPHQWV
 3;,HGDWDDFTXLVLWLRQFDUG1DWLRQDO,QVWUXPHQWV
 3UHVLPXODWHG'&IDXOWFXUUHQWV
 3&
)RUWKHSUDFWLFDOLPSOHPHQWDWLRQRIWKHSURSRVHGVFKHPHVSUH
VLPXODWHG IDXOW FXUUHQWV DW FRUUHVSRQGLQJ IRXU VHQVLQJ ORFDWLRQV
KDYHEHHQJHQHUDWHGDQGVWRUHG ORFDOO\ WRD3&)RU WKHSURSRVHG
VLQJOHHQGHGGLIIHUHQWLDOSURWHFWLRQVFKHPHWKHPRGHORIIHHGHU
KDVEHHQXWLOLVHGZLWKRQHIDXOWSODFHGDW(팀kPVHH)LJD)RU
WHVWLQJ WKHSURSRVHG IDXOW ORFDWLRQ VFKHPH WKHPRGHORI IHHGHU
KDV EHHQ XWLOLVHG VHH )LJ E 7KH SUHVLPXODWHG IDXOW FXUUHQWV
ZHUH XVHG WR JHQHUDWH UHSOLFD YROWDJH WUDFHV XVLQJ WKH GDWD
DFTXLVLWLRQFDUG6XFKYROWDJHZDYHIRUPVZHUHSK\VLFDOO\LQMHFWHG
WRRSWLFDO VHQVRUV DQG WKH FRUUHVSRQGLQJGDWDZHUH FDSWXUHG DW (?
N+] IURP WKH RSWLFDO LQWHUURJDWRU 7KH VDPSOHG GDWD ZHUH WKHQ
VWRUHGRQ D3& IRUSRVWSURFHVVLQJ)XUWKHU WHFKQLFDO GHWDLOVZLWK
7DEOH(? 3URWHFWLRQSHUIRUPDQFHUHVXOWVIRUSROHWRJURXQGIDXOWV
/LQH 'LVWDQFHNP %UHDNHUVRSHUDWHG 6HQGLQJHQG 5HFHLYLQJHQG
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KWWSFUHDWLYHFRPPRQVRUJOLFHQVHVE\
UHJDUGV WR WKHGHVLJQRSHUDWLRQDQG LQVWDOODWLRQRIRSWLFDOVHQVRUV
FDQEHIRXQGLQ>@
([SHULPHQWDOUHVXOWV
7KH PHDVXUHG UHVSRQVH RI WKH RSWLFDO VHQVRUV DQG WKH SURWHFWLRQ
V\VWHPWRIDXOWDWIHHGHULVLOOXVWUDWHGLQ)LJ7KHUHFRUGHG'&
YROWDJHV ZHUH XVHG WR FDOFXODWH WKH GLIIHUHQWLDO YROWDJH Δv
FRUUHVSRQGLQJWRGLIIHUHQWLDOFXUUHQWΔi( f )GHVFULEHGLQZKLFK
LV GHSLFWHG LQ )LJ D ,W LV HYLGHQW WKDW WKH GLIIHUHQWLDO YROWDJH
EHWZHHQVHQVRUV6DQG6UHDFKHVKLJKYDOXHVZKLFKFDQEHHDVLO\
GHWHFWHGE\DYROWDJHWKUHVKROG7KHFRUUHVSRQGLQJUDWHRIFKDQJH
RIYROWDJHdVdc/dt RI WKHPHDVXUHPHQWVFDSWXUHG IURPVHQVRUV6
DQG6VWD\KLJKZLWKLQD(팀mVWLPHZLQGRZ7KHHQWLUHUHVSRQVH
RI WKH V\VWHP LV RI JUHDW UHVHPEODQFH WR VLPXODWLRQEDVHG UHVXOWV
DQG KHQFH WKH SURWHFWLRQ VFKHPH FDQ EH FRQVLGHUHG SUDFWLFDOO\
IHDVLEOH
7KHH[SHULPHQWDO UHVXOWV UHODWHG WR WKHSURSRVHG IDXOW ORFDWLRQ
VFKHPH LH H[SHULPHQWDO DUUDQJHPHQW VKRZQ LQ )LJ E DUH
VXPPDULVHG LQ 7DEOH  ZKHUH WKH\ DUH DOVR FRPSDUHG ZLWK WKH
VLPXODWLRQEDVHGUHVXOWV'XHWR WKHUHGXFHGVDPSOLQJUDWHLH(?
N+]WKHUHVXOWLQJDFFXUDF\RIWKHH[SHULPHQWDOO\FDOFXODWHGIDXOW
ORFDWLRQLVQRWDEO\ORZHU7KHVDPSOLQJIUHTXHQF\KDVDVLJQLILFDQW
LPSDFW RQ WKH &:7 DQG WKH H[WUDFWLRQ RI WLPH GLIIHUHQFH
Δt(Sup − Sdn) ZKLFK LV XWLOLVHG LQ  IRU WKH FDOFXODWLRQ RI IDXOW
GLVWDQFH 7KLV FDQ EH IXUWKHU MXVWLILHG IURP WKH YDOXHV RI WLPH
GLIIHUHQFHΔt(Sup − Sdn) H[DFWHG IRU HDFK IDXOW FDVH DV VKRZQ LQ
7DEOH:LWKUHJDUGVWRIDXOWHGVHJPHQWWKHUHSRUWHGVHQVRUV6XS
DQG 6GQ GHPRQVWUDWH WKDW LW KDV EHHQ LGHQWLILHG FRUUHFWO\ DW DOO
FDVHV,WVKRXOGEHQRWHGWKDW WKHUHVXOWLQJGLPLQLVKHGDFFXUDF\LV
GXH WR WKH UHGXFHG VDPSOLQJ UDWH GHWHUPLQHG E\ WKH DYDLODEOH
LQWHUURJDWLRQV\VWHP+RZHYHUWKHDVVXPHGVDPSOLQJIUHTXHQF\RI
(팀k+] LV SUDFWLFDOO\ DFKLHYDEOH ZLWK RWKHU FRPPHUFLDOO\
DYDLODEOHHTXLSPHQW
'LVFXVVLRQ
,W KDV EHHQ GHPRQVWUDWHG ZLWKLQ WKLV SDSHU WKDW RSWLFDO VHQVLQJ
WHFKQRORJ\ FDQ IXUWKHU HQKDQFH WKH RYHUDOO SHUIRUPDQFH RI
SURWHFWLRQ DQG IDXOW ORFDWLRQ DSSOLFDWLRQV 7KLV KDV EHHQ
GHPRQVWUDWHG IRU +9'& DSSOLFDWLRQV KRZHYHU VXFK WHFKQRORJ\
KDV EHHQ SUHYLRXVO\ XWLOLVHG LQ >±@ IRU SURWHFWLRQ DQG FRQWURO
DSSOLFDWLRQV LQ $& V\VWHPV 7KH SURWHFWLRQ FRQWURO DQG IDXOW
ORFDWLRQVFKHPHVKDYHEHHQUHDOLVHGE\WKHHPSOR\PHQWRIRSWLFDO
FXUUHQWDQGYROWDJHVHQVRUV6XFKVHQVRUVKDYHEHHQGHVLJQHGDQG
PDQXIDFWXUHG EDVHG RQ PDJQHWRRSWLFDO FRQVWUXFWLRQV EDVHG RQ
ILEUH FRLOV H[WULQVLF PDJQHWRVWULFWLYH PDWHULDOV ERQGHG WR ILEUH
VWUDLQVHQVRUV
,Q WKLVSDSHU RSWLFDO VHQVRUVKDYHEHHQXVHG IRU WZRGLIIHUHQW
DSSOLFDWLRQV QDPHO\ SURWHFWLRQ DQG IDXOW ORFDWLRQ 7KH VFKHPHV
GHYHORSHGIRUWKHVHWZRDSSOLFDWLRQVKDYHEHHQGHVLJQHGDQGWHVWHG
VHSDUDWHO\ )RU H[DPSOH IRU WKH SURSRVHG SURWHFWLRQ VFKHPH WKH
VHQVRUVKDYHEHHQ LQWHUURJDWHGDWDVDPSOLQJUDWHRI(팀k+]ZKLOH
IRUWKHIDXOWORFDWLRQVFKHPHDVDPSOLQJUDWHRI(팀k+]KDVEHHQ
DVVXPHG7KH IXQGDPHQWDOGLIIHUHQFHRI WKHVH WZRDSSOLFDWLRQV LV
WKDWWKHSURWHFWLRQQHHGVWREHUXQLQUHDOWLPHZKLOHIRUGLVWDQFHWR
IDXOW HVWLPDWLRQ RIIOLQH FRPSXWDWLRQV FDQ EH XVHG 7KHUHIRUH
ORZHU VDPSOLQJ UDWH LH (팀k+] LV DGHTXDWH WR SHUPLW
FRPSXWDWLRQDO HIILFLHQF\ DQG KLJKVSHHG RSHUDWLRQ RI WKH
SURWHFWLRQPRGXOH+RZHYHUIRUIDXOWORFDWLRQDSSOLFDWLRQVKLJKHU
VDPSOLQJUDWHVKDYHWREHXVHGLQRUGHUWRJXDUDQWHHVXIILFLHQWIDXOW
ORFDWLRQDFFXUDF\6LQFHWKHWZRSURSRVHGVFKHPHVXWLOLVHWKHVDPH
VHQVLQJDUFKLWHFWXUHWKHUHLVQRUHDVRQZK\WKH\FRXOGQRWFRH[LVW
VKDULQJWKHVDPHIXQGDPHQWDOVHQVLQJDQGLQWHUURJDWLRQKDUGZDUH
DQGIRUPLQJDQLQWHJUDWHGSURWHFWLRQDQGIDXOWORFDWLRQV\VWHP6R
ORQJ DV WKH IDXOW JHQHUDWHG ZDYHIRUPV DUH FDSWXUHG DW DGHTXDWH
VDPSOLQJUDWHLH LQH[FHVVRI(팀k+]ERWKSURWHFWLYHDQGIDXOW
ORFDWLQJ IXQFWLRQV FRXOG EH SHUIRUPHG LQGHSHQGHQWO\ LQ WKHLU
UHVSHFWLYHRSHUDWLQJWLPHIUDPHV7KLVZRXOGVDWLVI\ERWKWKHQHHG
IRU KLJK VSHHG RI SURWHFWLRQ RSHUDWLRQ DQG KLJK DFFXUDF\ RI IDXOW
ORFDWLRQ)RUH[DPSOHDUHDOWLPHFDOFXODWLRQZLWKRSHUDWLQJIUDPH
7DEOH(? 6HJPHQWLGHQWLILFDWLRQDQGIDXOWORFDWLRQUHVXOWVIRUSROHWRSROHIDXOWV
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
UDWH LQ WKH UDQJH RI (팀k+] XVLQJ GRZQVDPSOHG GDWD ZRXOG EH
DGHTXDWH IRU SURWHFWLRQ ZKLOH IRU IDXOW ORFDWLRQ D QRQUHDOWLPH
SRVWIDXOW FDOFXODWLRQ FRXOG EH SHUIRUPHG XVLQJ WKH VWRUHG GDWD
DFTXLUHG DW PXFK KLJKHU IUHTXHQF\ $ FLUFXODU PHPRU\ EXIIHU RI
7DEOH(? 6HJPHQWLGHQWLILFDWLRQDQGIDXOWORFDWLRQUHVXOWVIRUSROHWRJURXQGIDXOWVRf = 500Ω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DFFXUDF\ RI WKH IDXOW ORFDWLRQ HVWLPDWLRQ DFURVV D ZLGH UDQJH RI
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